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Neutrino History at BNL

Mel Schwartz

Ray Davis

Irvine−Michigan−BNL

Dick Hahn

Maurice Goldhaber

Supernova neutrinos in IMB

GALLEX
SNO: Proof of neutrino flavor oscillations

Solar neutrino disappearance at Homestake
(2002 Nobel)

Discovery of neutrino flavor (1988 Nobel)

Neutrino helicity discovered
1957

1962

1960’s−1980’s

1987

1990’s−mid 2000

Maurice Goldhaber

BNL Chemistry
AGS 2nu expt

Former BNL director 

BNL Chemistry
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Long Baseline Neutrino Oscillations at BNL

April 1995:

with UCSB, LSU, Louisiana Tech, U. Montreal, UNM, U.Penn,
Southern University, UT Austin, TRIUMF, Valparaiso, Yale.
E889 introduces the off-axis concept

Feb-April 1995: MINOS Proposal P-875 at Fermilab

1998: SuperK demonstrates atm νµ oscillations

1999-2004: Planning, design and construction of MINOS.

2000: BNL joins MINOS
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The NuMI/MINOS Accelerator νµ Experiment.
Observe νµ/ν̄µ disappearance, νe appereance, atmospheric ν/ν̄ oscillations, search for νs

Fermi Natl. Lab., IL Soudan Underground Lab, MN

Neutrinos at the Main Injector (NuMI)

π,κ

120 GeV p+

ν ν

ν

Linac

MINOS near detector

Main Injector

Target hall

Booster
Decay Pipe 8 GeV p+

MINOS far detector
Magentized iron-scint

calorimeter
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MINOS 2005-2012

First pulses in NuMI recorded by
the online JAS-based NuMI
monitoring software developed by
Mary Bishai, BNL:

Vertical position (inches)

Horizontal position (inches)
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  XMean : 0.27173 
  XRms : 4.7484 
  YMean : 0.076763 
  YRms : 4.6779 
  SumOfWeights : 102379 

NuMI Hadron Monitor 2−D Display (log Z)

MINOS running 2005-2012:

M. Bishai, M. Dierckxsens, B. Viren at BNL developed online
NuMI-MINOS beam data logging and monitoring: NuMI spill-by-spill
data incoporated into MINOS offline analysis, for absolute
proton-on-target normalization, and beam data quality selection
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BNL People and Activities 2010-2013

Person MINOS activities
Mary Bishai, Physicist Beam systematics co-convener 2009-2011
Milind Diwan, Physicist Former νe analysis co-convener 2005-2008

MINOS internal reviewer.
David Jaffe, Physicist Member ν̄µ oscillation analysis team 2005-2009

MINOS internal reviewer.
Brett Viren, Physicist Beam data software development 2005-2011
Lisa Whitehead, postdoc νe analysis co-convener 2010-present

2010 νµ analysis internal reviewer.
Joined U. Houston faculty Aug 2011

Jiajie Ling, postdoc νµ flux measurements,
νe particle ID optimization.
joined BNL Aug 2010

Zeynep Isvan, postdoc Leads non-standard interactions anaylsis
joined BNL Jan 2012
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Latest results on Non-Standard Interactions: Z.
Isvan (BNL)
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MINOS+ Proposal 2011

in addition to many of the MINOS collaboration
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MINOS+ Future Plans at BNL
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NuMI Beam On-axis Spectra at the MINOS FD

NuMI ME Beam On-axis

NuMI LE Beam On-axis

NuMI medium-energy beam
is much wider than
low-energy ⇒ larger range of
L/E to look for non-standard
interactions: Z. Isvan, M.
Bishai.

D. Jaffe (BNL) and P. Ochoa (CalTech) developed a technique
for extracting the νe content of the beam in the oscillation
region with a precision of better than ≤ 20% by measuring the
ν̄µ signal from π+ → νµµ

+ , µ+ → e+νeν̄µ in different beam
tunes. The MINOS+ ME running would allow the BNL group to
complete this analysis.
Provides important constraints on the νe background in LBNE.

M. Bishai.
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MINOS+ −→ LBNE

NuMI is the model for the LBNE beamline. Continue studies of
the NuMI performance and beam systematics with the MINOS
ND for LBNE optimization.

LBNE studies indicate mass hierarchy sensitivity significantly
improved using lower energy beams. Explore the impact of
lowering the Main Injector beam energy on the neutrino
spectrum using MINOS ND.

LANL group is prototyping
the LBNE near site muon flux
monitors in the NuMI beam -
MINOS+ ND data can be
used to correlate µ flux with
ν interactions.
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MINOS Summary

BNL MINOS/MINOS+ effort is severely undermanned!

The BNL MINOS group has been involved in a wide variety of
successful MINOS analysis efforts: ν̄µ oscillation, νµ → νe

appearance search, measurement of the atmospheric νe flux in
the FD, beam modeling systematics.

The BNL MINOS group’s expertise on NuMI/MINOS analysis
and beam simulations has been critical in producing the first
LBNE beam designs and making the physics case.

Continuing involvement in MINOS+ will allow us to continue
extracting useful information for optimizing LBNE designs and to
play a leading role in the MINOS+ non-standard interaction
analysis. Extremely valuable data on the road to LBNE!!
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BNL Development of Noble Liquid Detectors→
Giant LAr-TPCs
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The MicroBooNE Experiment

circa 2007: A LAr-TPC at the FNAL booster neutrino beam concieved
by W. Willis (Columbia), D. Lissauer (BNL), B. Fleming (yale).

CD-0 Oct 2009, CD-1 June 2010, CD-2/3a Sep 2011, CD-3b March
2012

19 Institutions in 3 countries: Italy, Switzerland, USA. 3 US National
Labs. 12 US Research Universities. 2 All-undergraduate Universities.

MicroBooNE Personnel at BNL: H. Chen, S. Duffin, J. Farrell, F. Lanni, D. Lissauer, G. Mahler, D.

Makowiecki, J. Mead, V. Radeka, S. Rescia, J. Sondericker, C. Thorn, B. Yu, Y. Li.
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The BNL Team on MicroBoooNE

Craig Thorn Deputy Project Manager - Active Detector
Also: Jason Farrell Designer, cryostat and electronics
Andres Ruga Designer, TPC
Yichen Li Postdoc, electron & photon transport
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Recent Results from BNL MicroBooNE Team
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MicroBoooNE Future Plans at BNL

The BNL group plans to capatilize on its
large institutional investment in
MicroBooNE by expanding the scientific
effort with the involvement of additional
scientific staff and postdocs. Plans are under

discussion with the collaboration.

Commisioning/Operations activities 2013-2014

LAr properties R&D: (Harry Themann), Craig Thorn

Electronics installation and commisioning: (Harry Themann)

Operations: Yichen Li, (Harry Themann)

Initiation of new effors on simulations and analysis:

Incorporation of realistic transport/electronics response into
simulation and reconstruction: Y. Li, C. Thorn

Simulation of neutrino interactions and nuclear models: (M.
Bishai), (X. Qian)

Anti-neutrino interactions and cross-sections: (M. Bishai), (Z.
Isvan).

Study of cosmic ray backgrounds on the surface: C. Thorn, (M.
Bishai), (X. Qian), (Z. Isvan). 16 / 36
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Long Baseline Neutrino History at BNL

Proposal to HEPAP Future
Facilities 2003: Joint BNL-FNAL U.S. Long

Baseline Study 2007:

DOE CD 0 for long-baseline ν expt. > 1000 km granted in Jan 2010
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The Long Baseline Neutrino Experiment.
CD-1 for Phase I granted Dec 2012

Hi−Res Near Detector

34kT LAr−FD

1300km

Tunable neutrino beam

2MW Beamline

∼ 350 people, 60 institutions from US, India, Italy, Japan, UK
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LBNE at BNL

Key Personnel at BNL
Senior Scientific Staff

M. Diwan Co-spokesperson
M. Bishai Project Scientist, Physics Working Group, Beam Simulations co-convener
Jim Stewart LAr-TPC Far Detector L2 Project Manager.
Craig Thorn, Bo Yu L3s for cold electronics and TPC
V. Radeka Former head of ID, cold electronics developer
M. Potekhin, B. Viren LBNE software infrastructure and simulation
N. Samios Former BNL lab director, senior advisor to the BNL project
B. Marciano Neutrino theory, key theoretical concepts
S. Kettell Water Cherenkov Detector CDR editor
R. Hackenburg 35 ton prototype development
M. Yeh (chemistry) LAr properties, cleanliness
N. Simos (NSLSII) Proton target irradiation R&D, PMT mechanical simulations

Research Associates
E. Worcester Physics capabilities studies and LBNE reconfiguration
Z. Isvan Beam simulations, 35 ton simulations
J. Ling WCD PMT mechanical studies
C. Zhang, J. Ling Study of mass hierarchy sensitivities
X. Qian (new hire) LAr physics sensitivities, nuclear effects
Y. Li, H. Themann fundemantal LAr properties R&D

Technical/Project Staff
J. Dolph LBNE Systems Engineer
P. Novakova Project controls specialist
R. Sharma TPC static analysis, field cage development, WCD PMT mechanical R&D
G. Mahler, A. Ruge Lead TPC field cage development
H. Chen Cold electronics development
De Geronimo, S. Li, J. Fried
N. Nambiar, E. Vernon Instrumentation division cold electronics development
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The LBNE Beamline

Novel beam-on-a-hill construction for 2.3MW from 60-120GeV

200 − 250m Decay Pipe

shielding & geomembrane
5.5m concrete

The beam-on-hill concept proposed by BNL. NuMI based focusing
design and optimized decay pipe geometry for LBNE developed by M.
Bishai (and summer interns) working with FNAL team. Proton target
material irradiation studies at BLIP facility : N. Simos with FNAL
team 20 / 36
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Conceptual design of CD1 10 kTon

Jim Stewart: L2 project manager for far detector
Craig Thorn: L3 for FD electronics
Bo Yu: L3 for TPC

21 / 36



BNL at the
Intensity
Frontier:

Accelerator
Neutrinos

Mary Bishai
Brookhaven
National

Laboratory

νs at BNL

MINOS/MINOS+

MicroBooNE

LBNE

Summary

Modular TPC Development at BNL

Bo Yu: L3 TPC Manager

BNL leads field cage development: R. Sharma (ME), G. Mahler (ME)
and A. Ruga (MD)
TPC static analysis: R. Sharma
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Cold Electronics for LBNE

Cryogenic highly multiplexed electronics
with few digital output lines = reduced
penetrations, enables modular TPC arrays
with feedthroughs decoupled from
electronics location.

Cold analog ASIC development at BNL critical for LBNE
GOAL: produce FEE+ADC+FPGA prototype board this summer
BNL Instrumentation: V. Radeka, G. De Geronimo, S. Li, N.
Nambiar, J. Fried, E. Vernon. BNL Physics: H. Chen, C. Thorn
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Conceptual design of 35 kTon Underground
Detector

Detector Module
2 high x 3 wide x 18 long drift cells x 2 modules
216 APAs, 224 CPAs

Cryostat septum
LAr filtration system

HVAC

Cryogenics − cold box, buffer storage

BNL modular TPC designs scaled up to LBNE full FD design
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LBNE 35 Ton Prototype.
Ready for data with cosmics late 2014

BNL responsible for TPC oversight, field cage construction and cold
electronics.
BNL scientific team (B. Viren, M. Potekhin, Z. Isvan, R. Hackenburg)
assuming major roles in modeling, simulation and data analysis
Co-ordinating with university groups
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LBNE MH/CPV Sensitivities with 700kW Beam
E. Worcester, M. Bishai (BNL), M. Bass, W. Wilson, D. Cherdack (CSU)

NEW: modest beam improvements (band) = big impact on sensitivities
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Need 100kt.yrs at 700kW to resolve MH with ≥ 3σ

Need 200kt.yrs at 700kW to resolve CPV with ≥ 3σ for 50% δcp

M. Bishai (BNL) and S. Zeller (FNAL) long baseline physics working
group co-conveners
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Mass Hierarchy Studies

From BNL: J.J. Ling, C. Zhang, E. Worcester, (X. Qian joined BNL
May 2013)
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NEW: Octant Sensitivity in LBNE
E. Worcester (BNL), J. Kopp (FNAL)
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Resolution of δcp: Comparison with other
Proposals M. Bishai, CSS2013 subgroup co-convener

For Community Summer Study (AKA Snowmass) 2013:

LBNE+PX

T2HK

NOvA 10yrs
T2K (ν+ν)

NOvA 20yrs

LBNE10

LBNO 0.8MW, 100kT

???

Very long baseline superbeams (or NF) with MT.MW.yrs

= CKM precision
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LBNE and Project X
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With sufficient exposure we can reach 5− 10◦ resolution on δcp.

New initiatives with Project X: “Precision Neutrino Oscillation
Measurements using Simultaneous High-Power, Low-Energy Project-X
Beams” M.Bishai, M.Diwan, S.Kettell, J.Stewart, B.Viren,
L.Whitehead, E.Worcester, BNL arXiv 1203.4090
Work is progressing at BNL on 2nd maximum CP measurements

30 / 36



BNL at the
Intensity
Frontier:

Accelerator
Neutrinos

Mary Bishai
Brookhaven
National

Laboratory

νs at BNL

MINOS/MINOS+

MicroBooNE

LBNE

Summary

Evolution of the Intensity Frontier at BNL

Mel Schwartz
AGS 2nu expt

D0 Calorimeter
1974 prototype

First neutrino beam
Neutrinos have flavor!

Hints of oscillation

Ray Davis at Homestake

MINOS

Search for ν −−> νµ e

in a long−baseline expt

Superbeam to Homestake

NON−ZERO

θ 13
MicroBooNE

LAr1

LBNE 34ktDevelopment of massive LAr detectors

1960’s

2012

Intellectual and technical pioneers of ν experiments
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Evolution of the Intensity Frontier at BNL

Is CP violated in the
leptonic sector??

γ → e+e−
TO ANSWER FUNDEMENTAL QUESTIONs
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BACKUP
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NSIs and MINOS+ Z. Isvan
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Measuring the beam νe using ν̄µ in MINOS+

Technique developed by D. Jaffe (BNL) and P. Ochoa (Caltech) for MINOS:

The beam νe contamination in conventional νµ beams ultimately
limits the sensitivity of νe appearance experiments.

The νe contamination in the MINOS and LBNE signal region
comes from π+ → νµµ

+ µ+ → e+νeν̄µ

Constraining the ν̄µ from µ constrains the beam νe flux.

Difference in ν̄µ between LE and pME are dominated by the ν̄µ from µ

MINOS+ = enough ME stats. for a < 20% measurement of νe from µ+

Will provide valuable info for constraining LBNE beam νe bkgd.
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MINOS+ and LBNE

NuMI is the model for the LBNE beamline. Continue studies of
the NuMI performance and beam systematics with the MINOS
ND for LBNE optimization. Explore the impact of lowering the
Main Injector beam energy on the neutrino spectrum:

LBNE beam design optimization M. Bishai, E. Worcester
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